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ABSTRACT 

The  sensitivity  of  ocean  color  products  to  variations  in  vicarious  calibration  gains  at  Top  of  Atmosphere  (TOA) 
shows  varying  impacts  in  different  water  types  for  Suomi-  NPP  VIIRS.  Blue  water  vicarious  gains  from  MOBY  in  situ 
data,  which  is  used  for  global  open  waters,  and  green  water  gains  derived  from  complex  coastal  WaveCIS  AERONET 
waters,  have  a  different  impact  on  spectral  normalized  vvater  leaving  radiances  and  the  derived  ocean  color  products 
(inherent  optical  properties,  chlorophyll).  We  evaluated  the  influence  of  gains  from  open  and  coastal  waters  by 
establishing  a  set  of  ensemble-processed  products.  The  TOA  gains  show  a  non-linear  impact  on  derived  ocean  color 
products,  since  gains  affect  multiple  ocean  color  processing  algorithms  such  as  atmospheric  correction,  NIR  iterations, 
etc.  We  show  how  the  variations  within  the  ensemble  TOA  gain  members  spatially  impact  derived  products  from 
different  water  types  (high  CDOM,  high  backscattering,  etc).  The  difference  in  color  products  derived  from  the  Blue 
and  Green  water  gain  show  a  spatial  distribution  to  characterize  the  product  uncertainty  in  coastal  and  open  ocean  water 
types.  The  results  of  the  ensemble  gain  members  are  evaluated  with  in  situ  matchups.  Results  suggest  the  sensitivity  of 
the  ocean  color  processing  for  open  ocean  verses  coastal  waters. 

Keywords:  Satellite,  SNPP  VIIRS,  Ocean  Color,  Optics,  Validation,  Vicarious  Calibration 

1.  INTRODUCTION 

Ocean  color  products  derived  from  satellites  are  extremely  sensitive  to  the  sensor  calibration.  Vicarious 
calibration  methods  are  used  to  enable  a  major  improvement  to  providing  a  channel  “gain”  for  ocean  color  processing^. 
This  approach  uses  in-situ  observations  of  the  water  leaving  radiance  (nL,w)  at  the  water  surface  to  detennine  the  “gain” 
at  the  top  of  the  atmosphere  that  must  be  applied  to  satellite  processing  so  as  to  retrieve  the  in-water  observation  (nLw). 
The  method  is  highly  dependent  on  the  accuracy  of  the  insitu  data,  in  addition  to  the  criteria  used  to  select  precise 
satellite  data  and  in-situ  data  to  perform  the  vicarious  gain  The  MOBY  data  set  off  Hawaii  has  been  used  as  a 
standard  for  a  number  of  years  for  MODIS,  SeaWIES,  and  VIIRS  satellites  for  vicarious  calibration  because  of  the 
spatially  homogeneous  waters  and  the  precise  MOBY  inwater  instrumentation  The  MOBY  site  is  considered  an  open 
water  “blue”  water  site  from  which  a  long  time  series  of  satellite  matchups  are  used  to  determine  satellite  channel 
“gains”  using  ocean  color  processing.  The  vicarious  calibration  approach  is  used  to  track  the  satellite  sensor  stability  and 
enable  continuity  of  ocean  color  products  between  several  satellites.  Using  these  vicarious  MOBY  gains,  ocean  color 
products  for  global  waters  including  the  coastal,  shelf,  inland  lakes  are  produced. 

The  objective  of  this  paper  is  to  determine  the  sensitivity  of  ocean  color  products  to  various  gains  applied  to  the 
VIIRS  SNPP  sensor.  How  do  “gains”  obtained  from  the  open  blue  water  site  at  MOBY  and  “gains”  obtained  from  the 
coastal  green  site  at  WaveCIS  impact  ocean  color  products?  Because  there  are  significant  differences  in  the  ocean  color 
spectra  between  “blue”  and  “green”  water,  we  will  investigate  how  using  these  different  in-situ  spectra  for  gains,  will 
impact  derived  products.  We  will  evaluate  the  differences  in  derived  products  processed  with  a  blue  and  green  water 
gain  and  determine  the  impact  on  products  in  the  Gulf  of  Mexico  which  represents  a  wide  variety  of  water  types  from 
open  ocean  to  extremely  turbid. 
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2.  BACKGROUND 


The  VIIRS  -SNPP  satellite  is  used  in  this  study  to  assess  the  impact  of  the  “gain”  on  ocean  color  products.  These 
products  include  the  spectral  Remote  Sensing  Reflectance  (RRS),  chlorophyll  concentration,  and  Inherent  Optical 
Properties  (backscattering  and  absorption)  VIIRS  processing  was  performed  using  NRL’  Automated  Processing 
System  (APS),  which  runs  a  version  of  the  NASA  12gen  software  on  the  level  1  (SDR)  from  NOAA  -  CLASS.  The 
processing  included  standard  atmospheric  correction  methods  with  an  NIR  iterative  correction  for  coastal  waters  .  A 
vicarious  calibration  was  applied  inverting  the  same  processing  to  propagate  in-situ  water  leaving  radiances  to  the  top  of 
the  atmosphere  (vLt)  and  establish  the  spectral  ratio  or  “gain”  as  vLt/Lt  The  determination  of  the  vicarious  gains 
used  and  the  criteria  constrained  for  the  selection  of  the  gains  is  highly  restricted  and  required  careful  removal  of 
selected  satellite  and  in-situ  matchups.  These  details  of  the  procedure  and  how  this  is  performed  are  outlined  by  Bowers 
etal2014^^^ 


The  data  sets  used  for  the  computation  of  the  MOBY  Blue  water  gains  included  25  points  from  January  2012  to 
Mar  2013.  The  WavCis  site  is  a  located  west  of  the  Mississippi  river  delta  and  is  characterized  by  elevated  sediment 
and  the  dissolved  organic  matter  (CDOM)^.  The  AERONET  -  OC  (  )  at  the  site  reports  screened  Lw'(>^)  data  on  a 

daily  basis  and  is  calibrated  by  NASA  annually.  The  SeaPrism  1.5  Level  data  used  is  not  as  well  characterized  as  the 
MOBY  data  (pre  and  post  calibrated  data  is  Level2.0).  However  because  of  the  stronger  ocean  color  coastal  signals  the 

instrument  has  been  show  to  perform  well.  Operational 
need  use  level  1 .5  because  if  is  available  daily. 


WavCis  Data  Distribution  2013 -“2014 
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Figure  1-  The  green  water  gains  were  computed  from  the 
WaveCis  AERONET  site  in  the  Northern  Gulf  of  Mexico 
from  July  2013  to  Feb  2014  and  included  21  points  after 
constraints  w’ere  applied  (  see  Bowers  et  al  2014) 


3.  RESULTS 


The  top  of  the  atmosphere  gains  applied  to  the 
SNPP  VIIRS  that  were  evaluated  in  this  study  can  from 
the  MOBY  blue  water  and  the  WaveCis  Green  water  gains 
are  shown  in  Figure  2  to  the  right.  The  gains  for  VIIRS 
spectral  channels  at  4 1 0,  443,  486,  55 1 ,  665  with  the  MOBY 
and  WaveCis  Gains  are  shown  with  the  shaded  area  being 
the  difference.  Note  a  gain  of  one  indicates  no  adjustment 
is  required.  The  blue  gains  are  lower  than  the  green  gains 
except  for  the  665  nm  channels  where  a  major  difference 
occurs.  The  blue  (410  channel)  shows  similar  gains.  The  red 
line  and  the  right  axis  indicate  the  percent  difference 
between  the  blue  and  green  gains.  Differences  are  small 
ranging  from  +  0.3  to  0.7%  with  the  highest  of  -1.4%  at 
665  nm.  Although  these  differences  are  small,  they  impact  the 
entire  ocean  color  processing  system  including  atmospheric 
coirection  and  NIR  iteration,  glint  removal,  cloud  and  turbid 
water  Bagging,  and  derived  water  RRS. 

To  evaluate  these  impacts  on  the  ocean  color 
products  we  linearly  interpolated  between  these  blue  to 
green  gains  for  each  channel.  These  six  ensemble  members 
gains  were  established  as  percentages  of  green  gain  from 
blue  gain  (  0,  20,  40,  60,  80  1 00%)  where^ 0  %-  MOBY 
gain  and  100%  =  green  gain(  Figure  3  on  the  right ).  These 
gains  were  applied  to  several  Gulf  of  Mexico  scenes  how  ever 
and  the  derived  ocean  color  products  evaluated.  . 


Computation  of  the 
Blue  and  Green  Water  Vicarious  Gains 
July  2013  March  2014 
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Visual  differences  were  not  detected  identified  in  the  log  scale. 
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Figure  4.  A.  SNPP  chlorophyll  product  for  Feb  16 , 2013  processed  using  blue  and  green  gains.  B.  The  difference  in  chlorophyll 
(nig/ni3)  between  that  processing  using  the  values  from  the  green  gain  processing  minus  the  blue  gain.  The  subset  is  the  Mississippi 
Delta  coastal  area.  The  scale  shows  minimal  difference  (0)  in  mg/m^3  in  dark  blue  difference  represented  for  open  ocean  waters. 
The  purple  areas  indicate  negative  chlorophyll  difference,  where  the  Blue  gain  produced  high  chlorophyll  than  the  Green  gain.  The 
red  show  areas  of  increased  chlorophyll  with  the  green  gain.  (Color  copies  http://parrotfish.ssc.usm.edu/-owx/pubs) 


To  quantify  the  spectral  changes  between  the  gains  several  8X8  pixel  box  averages  were  calculated  for  three 
water  masses  representing  open  ocean  water  (LOOP  Current),  shelf,  and  coastal  water  off  of  the  Mobile  Bay  plume. 

Figure  5  shows  the  locations  of 

Water  Mass  Changes  ■  MOBY  and  WavCis  Gains 

20,  40,  60,  80  %  green.  The  percent 

difference  of  green  to  blue  is  show  n  on  the  right  Waters 

axis  (doited  line). 

The  largest  differences  are  shown  ^ 
in  the  443  channel  in  the  shelf  waters. 

The  percent  difference  from  the  green  « 
to  blue  gain  for  the  channels  in  each  of  i 

these  water  masses  is  shown  in  the  right  c 

axis  for  the  water  masses  plots.  The  uo 

LOOP  water  shows  a  very  small  spectral 

difference  (<  8%)  except  in  the  66 1  nm  *  p 

channel  (1 10%).  The  largest  percent  ^  „  I 

difference  occurs  in  the  661  channels 
since  this  is  a  small  value.  The  486  nm 
channel  has  the  smallest  difference  in  all 
waters  masse. 

To  characterize  how  these  o« 

spectral  differences  impact  the  ocean  ow 

chlorophyll  and  backscattering 
properties,  we  examined  a  transect  f 

across  coastal  to  offshore  waters  of  the 
chlorophyll  and  backscatter  properties. 
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Gain  Impacts  along  Profile 
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Figure  6  -  Transect  from  coast  (A)  to  offshore  waters  (B)  show  impacts  of  gains  on  chlorophyll  and  bb551  products  A)  shows  a 
chlorophyll  profiles  of  the  6  ensemble  gains.  The  transect  location  is  in  the  upper  right  inset.  B)  shows  bb55 1  transect.  To  enhance 
the  differences,  the  right  axis  of  each  plot  shows  the  percent  difference  of  the  green  to  blue  gain  of  these  products. 


The  chlorophyll  transect  (Fig  6A  right  scale)  shows  a  +5  to  12%  difference  of  the  gains  in  waters  ranging  from  .2-2 
mg/mg  in  offshore  waters  and  +-5%  in  coastal  areas.  This  is  a  small  difference  compared  to  the  accuracy  of  the  product. 
The  backscattering  profile  (Fig  6B  right  scales)  shows  a  1 5  %  difference  offshore  and  <5%  in  coastal  waters  .  The 
differences  in  gains  do  not  indicate  a  clear  relationship  with  the  concentration  and  how  different  impacts  on  difTerent 
water  masses.  The  blue  and  green  gains  appear  to  have  similar  results  in  blue  waters. 

To  characterize  the  impact  of  the  blue  and  green  gain  on  water  type,  a  scatleiplot  of  the  difference  in 
chlorophyll  products  is  plotted  against  concentration  from  the  MOBY  gain  chlorophyll  (Figure  7  a).  (This  is  a 
scatterplot  of  figure  4  a  and  4b).  The  color  density  represented  the  number  of  values.  The  scatterplot  should  identify  if 
the  gain  difference  impacts  higher  or  lower  concentration.  This  figure  does  not  clearly  show^  that  the  gains  differences 
impact  higher  chlorophyll  values  more  or  less  that  low  chlorophyll  concentrations.  Note  the  majority  of  the  data  has  a 
minimal  difference  near  0-  0.03  mg/m3. 
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Figure  7  -  A.  Scatterplot  of  dilTerence  of  chlorophyll  using  blue  and  green  gains  is  related  to  the 
chlorophyll  concentration  derived  from  the  Blue  gain  for  Feb  16.  B.  Regional  Difference  color  map 
fo  characterize  where  these  chlorophyll  differences  occur,  a  region  of  interest 
analysis  was  performed  on  the  scatter  plot.  Nine  regions  w^ere  defined  based  on  differences 
ranging  from- 1. 0  to  +1.5  mg/m3  and  color  coded  using  the  table  on  the  right. 

These  ranges  were  applied  to  the  scatterplot  and  the  locations  on  the  Feb  16  image  (Figure 
7b).  Color  copies:  http://parrotnsh.ssc.iism.edii/-owx/puhs) 
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A  classification  map  of  the  gain  differences  for  chlorophyll  was  applied  to  the  Northern  Gulf  of  Mexico  Figure  8. 
Figure  8  -  Gain  difference 
classification  map  for  chlorophyll 
for  Feb  16,  2014.  The  regional 
locations  of  where  these 
differences  occur  in  the  image  are 
shown.  The  differences  in  (green 
-  blue)  gains  from  0  to  .03  mg/m3 
is  shown  in  the  blue  region  (A) 
representing  the  open  ocean 
LOOP  current  waters.  The 
progression  to  the  shelf  waters 
(B)  (yellow  and  light  blue)  there  is 
a  increase  in  the  difference.  The 
larger  differences  are  shown  in  the 
coastal  waters  (C)  where  some 
negative  differences  are  showm 
(i.e.  Green  gain  produced  is  less 
than  Blue  gain). 
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The  evaluation  of  blue  and  green  gains  in  nLw  and  lOP  products  was  validated  using  in-situ  data  collection  from  the 
GeoCAPE  cruise  (Sept  10-  22,  2013)  in  the  Northern  Gulf  of  Mexico  close  to  the  WaveCIS  AERONET  site 

Figure  9  -  GeoCape  stations  locations  plotted  on 
VI IRS  Chlorophyll  are  in  coastal  waters.  The 
location  of  the  WaveCIS  AERONET  is  circled. 

There  were  40  matchup  points  of  VIIRS  and 
in-situ  data.  Matchup  methods  used  and 
collection  methods  for  these  sets  are 
outlined  in  Ladner  et  al  2014  (this  issue). 

These  in-situ  measurements  included  in-situ 
nLw(X)  using  the  Hyperpro  and  above  water 
radiometer  following  protocols  for  satellite 
calibration  and  validation. 
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Figure  10  A)  Scatterplots  of  insitu  Remote  Sensing  Reflectance  (RRS)  with  VIIRS  RRS  using  the  blue  and  green  gain  for  4 
channels.  Table  shows  the  regression  (R'^2)  and  slope.  The  green  gain  shows  slope  closer  to  the  1 .  B)  -In-situ  backscatter  443  and 
VIIRS  bb443  products  using  the  blue  and  greens  gains  is  illustrated.  The  slope  of  the  green  gain  is  closer  to  the  1  to  1  line. 
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The  results  of  the  regression  analyses  of  the  RRS  for  coastal  waters  show  that  the  impact  of  the  blue  and  green  gains  has 
little  impact  of  the  blue  410  channel  and  a  larger  impact  of  the  671  channels.  The  blue  gain  shows  an  elevated  671  RRS 
compared  to  the  green  gain.  The  evaluation  of  the  backscattering  products  with  in-situ  scatterplot  (Fig.  1  OB)  indicates 
the  blue  gain  shows  high  bb443  and  the  green  gain  is  closer  to  the  in-situ  one  to  one  line,  although  the  r^2  for  the  blue 
gain  is  higher.  The  matchup  shows  the  higher  bb443  are  impacted  more  than  the  lower  bb443  values,  which  we  believe 
associated  with  the  increase  in  the  671  channels  from  the  green  gain. 

4.  CONCLUSIONS 

An  evaluation  of  the  impact  of  the  vicarious  gains  applied  to  the  VlIRS  SNPP  was  demonstrated  using  the  Blue  water 
gains  derived  from  the  MOBY  in  Hawaii  and  Green  water  gains  derived  from  the  WaveCIS  AERONET  Sites  in  the 
Northern  Gulf  of  Mexico.  These  gains  represent  a  highly  constrained  satellite  and  in-situ  data  matchup  in  2013 
These  gains  were  applied  to  selected  scenes  in  the  Gulf  of  Mexico  to  detennine  the  impact  of  the  blue  water  and  the 
green  water  gain  on  derived  ocean  color  products  including  the  remote  sensing  reflectance,  chlorophyll  and 
backscattering.  The  gains  were  very  similar  and  the  green  gains  were  slightly  less  (closer  to  1)  than  the  blue  gains 
except  for  the  661  channel  where  the  blue  channel  was  higher.  The  results  indicate  that  although  the  gains  were  similar 
and  applied  at  the  top  of  the  atmosphere,  there  were  differences  in  the  ocean  color  products  which  were  slightly  higher 
in  coastal  waters  than  in  the  open  ocean  waters.  This  can  be  attributed  to  the  changes  in  the  671  channel. 

There  was  not  a  clearly  defined  relationship  between  how  products  derived  from  blue  or  green  gain  are  directly 
related  to  a  specific  products  concentration.  Because  the  gain  will  affect  the  entire  ocean  color  processing  steps  form 
atmospheric  correction  to  NIR  iterations  to  the  ocean  color  products,  the  difference  in  the  blue  to  green  is  not  directly 
coupled  to  concentration.  The  differences  in  the  open  ocean  regions  appear  to  have  smaller  impacts  than  the  gains  from 
the  coastal  waters. 

The  evaluation  of  the  gains  was  compared  with  in-situ  measurements  in  the  coastal  waters  for  in-vvater  RRS  and 
backscattering.  The  results  suggest  slightly  improved  comparison  with  the  green  gains  in  coastal  waters.  Future  efforts 
will  examine  other  coastal  sites  to  determine  is  different  coastal  site  have  similar  vicarious  gain  as  compared  with  the 
blue  water  gains. 

5.  ACKNOWLEDGEMENTS 

We  acknowledge  the  support  from  Navy  and  NOAA  sponsors.  We  appreciate  NOAA  CLASS  for  providing  VIlRS 
data  and  the  JPSS  SDR  team  for  contribution  of  the  VIIRS  weekly  LUTS.  We  recognize  the  NASA  AERONET  -OC 
network  and  the  MOBY  team  for  providing  quality  data  in  a  timely  manner. 

6.  REFERENCES 

[1]  Arnone,  R.A.,  Vandermeulen,  R.A.,  Ladner,  S.,  Yang,  H.,  Donaghay,  P.,  Fargion,  G.,  Martinolich,  P.,  and  Wang, 

M.,  “Characterizing  physical  and  ecological  exchange  processes  in  coastal  and  open  waters  using  the  VIIRS  -  Suomi 
NPP  sensors,”  AGU-Ocean  Sciences  Meeting-Hawaii  (2014). 

[2]  Arnone,  R.A.,  Loise,  H.,  Carder,  K.,  Boss,  E,,  Maritorena,  S.,  and  Lee,  Z.P.,  [Remote  Sensing  of  Inherent  Optical 
Properties:  Fundamental,  Test  of  Algorithms  and  Applications],  Reports  of  the  International  Ocean-Colour 
Coordinating  Group  lOCCG,  95-103  (2006). 

[3]  Arnone,  R.A.,  Ladner,  S.,  Fargion,  G.,  Martinolich,  P.,  Vandermeulen,  R.,  Bowers,  J.,  and  Lawson,  A.,  “Monitoring 
bio-optical  processes  using  NPP-VlIRS  and  MODIS-Aqua  ocean  color  products,”  Proc.  SPIE  8724  (2013). 

[4]  Arnone,  R.A,  Fargion.,  G.S.,  Ladner,  S.,  Martinolich,  P.,  Bowers,  J.,  Lawson,  A.,  Lee,  Z.,  Davis,  C.,  and  Zibordi,  G., 
“Monitoring  Ocean  Water  Leaving  Radiance  for  Inter-satellite  Continuity,”  AGU-Ocean  Sciences-Salt  Lake  City 
(2012). 

[6]  Bailey,  S.W.,  Franz,  B.A.,  and  Werdell,  P.J.,  "Estimation  of  near- infrared  water-leaving  reflectance  for  satellite 
ocean  color  data  processing,"  Optics  express  18,  7521-7527  (2010). 

[7]  Bowers,  J.,  Arnone,  R.A.,  Ladner,  S.,  Fargion,  G.,  Lawson,  A.,  Martinolich,  P.,  and  Vandermeulen  R.,  “Vicarious 
Calibration  and  Regional  Adjustment  of  Coastal  VIIRS,”  Proc  SPIE  91 1 1  (2014). 

[8]  Brown,  S.,  Flora,  S.,  Feinholz,  M.,  Yarbough,  M.,  Houlihan,  T.,  Peters,  D.,  Kim,  Y.,  Mueller,  J.,  Johnson,  B.,  and 
Clark,  D.,  “The  marine  optical  buoy  (MOBY)  radiometric  calibration  and  uncertainty  budget  for  ocean  color  satellite 
sensor  vicarious  calibration,”  Proc.  SPIE  6744  (2007). 


Proc.  of  SPIE  Vol.  9111  911105-6 


Downloaded  From:  http://proceedings.spiedlgitaHibrar>.org/  on  06/04/2014  Terms  of  Use:  http://spiedl.org/tcrnis 


[9]  Franz,  B.,  Bailey,  S.,  Werdell,  P.J.,  and  McClain,  C.,  “Sensor  -  independent  approach  to  the  vicarious  calibration  of 
satellite  ocean  color  radiometry,”  Applied  Optics  46  (2007). 

[10]  Ladner,  S.D.,  Arnone.  R,A.,  Vandermeulcn,  R.A.,  Martinolich,  P.,  Lawson,  A.,  Bovvers,  J.,  Crout,  R.,  and 
Ondrusck,  M.,  “Inter-Satcllitc  Comparison  and  Evaluation  of  Navy  SNPP-VIIRSand  MODIS-Aqua  Ocean  Color 
Properties,”  Proc.  SPIE  91 1 1  (2014). 

[11]  Lee,  Z.,  Carder,  K.L.,  and  Arnone,  R.A.,  “Deriving  inherent  optical  properties  from  water  color:  a  multiband  quasi- 
analytical  algorithm  for  optically  deep  waters,”  Applied  Optics  41(27),  5755-5772  (2002). 

[12]  Werdell,  P.J.,  and  Bailey,  S.W.,  “An  improved  bio-optical  data  set  for  ocean  color  algorithm 
development  and  satellite  data  product  validation,”  Remote  Sensing  of  Environment  98(1),  122-140  (2005). 

[13]  Zibordi,  G.,  Melin,  F.,  Berthon,  J.F.,  Holben,  B.,  Slutsker,  L,  Giles,  D.,  D’Alimonte,  D.,  Vandemark,  D.,  Feng,  H., 
Schuster,  G.,  Fabbri,  B.E.,  Kaitala,  S.,  and  Seppala,  J.,  "AERONET-OC:  a  network  for  the  validation  of  ocean  color 
primary  products."  Journal  of  Atmospheric  &  Oceanic  Technology,”  26,  1634-1651  (2009). 

[14]  Holben,  B.N.,  Tanrc,  D.,  Smirnov,  A.,  Eck,  T.F.,  Slutsker,  L,  Abuhassan,  N.,  Newcomb,  W.W.,  Schafer,  J.S., 
Chatenet,  B.,  Lavenu,  F.,  Kaufman,  Y.J.,  Vande  Castle,  J.,  Setzer,  A.,  Markham,  B.,  Clark,  D.,  Frouin,  R.,  Halthore  ,  A., 

Karneli,  A.,  O’Neill,  N.T,,  Pietras,  C.,  Pinker,  R.T.,  Voss,  K.,  and  Zibordi,  G.,  "An  emerging  ground-based  aerosol 
climatology:  Aerosol  optical  depth  from  AERONET,"  Journal  of  Geophysical  Research:  Atmospheres  106,  12067-12097 
(2001). 

[15]  Martinolich,  P.,  “The  Naval  Research  Laboratories  Automated  Processing  System  -  APS  v4.10,” 
<http://wwvv7333.nrlssc.navv.mil/docs/aps  v4. 1 0/html/user/aps.xhtml>  (2012). 


Proc.  of  SPIE  Vol.  9111  911105-7 


Downloaded  From:  http://proccedings.spicdigitalHbrary.org/  on  06/04/2014  Terms  of  Use:  http://spiedl.org/tcrms 


